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© A hydrophilic composite porous memprane com- 
prising a polyolefin membranous matrix having pores 
and at least one copolymer coat layer formed sub- 
stantially on the overall surface of the matrix includ- 
ing both the surfaces of the matrix and the inner wall 
surfaces of the pores, leaving spaces within the 
pores and leaving openings on both the surfaces of 
the matrix, which openings respectively communi- 
cate with the spaces. The copolymer is water-insolu- 
ble and has a hydrophilic monomeric unit content of 
from 40 to 90 % by weight. Due to the copolymer 
coat layer, the membrane exhibits an excellent water 
permeability without any pretreatment. The mem- 
brane has excellent mechanical properties in the wet 
state as well as in the dry state. The membrane 
advantageously does not contain any undesired mat- 
ters, such as a surfactant, water-s luh:e polymer, 
etc. which are inevitably used for the purpose in the 
conv ntional mann rs. Therefor . th membrane is 
especially useful for medical applications, for exam- 
ple, as plasma separator. The membrane can be 
produced by applying a copolymer solution to a 
polyolefin membran us matrix and drying. 
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A HYDROPHILIC COMPOSITE POROUS MEMBRANE. A METHOD OF PRODUCING THE SAME AND A 

PLASMA SEPARATOR 



This invention relates to a nyaroonihc compos- 
ite porous membrane, a method of oroducmg the 
same and a plasma separator m which the hyoro- 
philic composite porous membrane »s used More 
particularly, the present invention »s concerned with 
a hydrophilic composite oorous memorane com- 
prising a polyolefm membranous matrix having 
pores and at least one copolymer coat layer 
formed on the overall surface of the matrix. The 
membrane exhibits an excellent water permeability 
without being subjected to any pretreatment and 
has excellent mechanical properties m the wet 
state as well as in the dry state. The membrane 
advantageously does not contain any undesired 
matters, such as a surfactant, water-soluble poly- 
mer, etc. which are inevitably used for the purpose 
in the conventional manners. This invention is also 
concerned with an effective method of producing 
the membrane in which a copolymer solution is 
applied to a polyolefin membranous matrix, fol- 
lowed by drying. Moreover, the present invention is 
concerned with a plasma separator containing the 
above-mentioned advantageous membrane. 

In the recent years, various porous membranes 
made of polymers are widely utilized for the ultrafil- 
tration of aqueous solutions or the filtration of aque- 
ous suspensions. Especially, in the industrial fields, 
such membranes are utilized for the production of 
pure water, which must be supplied in a large 
volume in the electronic industry, and for the re- 
moval of bacterium from the water to be used for 
the production of pharmaceuticals. They are also 
widely utilized as battery separators. In the medical 
fields, such membranes are utilized for the separa- 
tion of blood components, removal of malignant 
substances from abdominal ascites and removai of 
foreign matters from various transfusion liquids. 
They are also widely utilized as various bacterium 
removing filters. 

The porous membranes made of polymers 
may be, according to the property of the material, 
classified into two groups, namely hydrophilic po- 
rous membranes and hydrophobic porous mem- 
branes. Examples of the known hydrophilic porous 
membranes are cellulose porous membranes, cel- 
lulose derivative porous membranes, polyvinyl al- 
cohol membran s. membran s made of a 
copolymer of ethylene and vinyl alcohol and the 
like. The characteristic feature of the hydrophilic 
porous membranes resides in that due to the hy- 
drophilic property of the wall surfaces of pores of 
the membran s. they are readily wetted with water 
so that the filtration or ultrafiltration of an aqueous 



suspension or solution can be effected without any 
specific pretreatment. However, the hydrophilic po- 
rous membranes nave sucn disaavantages that the 
mechanical strength of the membranes in the wet 
5 state is tow anc me merr.ora.nes swell seriously 
with water Tne nyaroonmc porous memoranes 
have also such an disadvantage that when the 
membranes in the wet state are dried, the perfor- 
mance of the membranes is apt to become poor. 
w Examples of the known hydrophobic porous 

membranes are polyethylene porous membranes, 
polypropylene porous membranes, polysulfone po- 
rous membranes, polytetrafluoroethylene porous 
membranes and the like. The hydrophobic porous 
75 membranes have such characteristic features that 
they swell with water only slightly and that even 
when the membranes are wetted, the mechanical 
strength of the membranes is not so much lowered. 
Therefore, they are widely utilized for the filtration 
20 or ultrafiltration of aqueous suspensions or solu- 
tions. However, the hydrophobic porous mem- 
branes have such drawbacks that since the hy- 
drophobic surfaces of the membranes cannot be 
wetted by aqueous liquids, penetration .of aqueous 
25 liquids into the pores of ;rie membranes is difficult 
and hence the membranes cannot be used for the 
filtration or ultrafiltration of aqueous suspensions or 
solutions without any pretreatment. Accordingly, it 
has been proposed to render the hydrophobic po- 
30 rous membranes hydrophilic in advance. For exam- 
ple, to render the hydrophobic porous membranes 
hydrophilic. there have been proposed a method in 
which the pores of the hydrophobic porous mem- 
brane are filled with an organic solvent having a 
35 low surface tension and capable of being mixed 
with water and then the organic solvent is replaced 
by water, and a method in which the hydrophobic 
porous membrane is treated with a surface active 
agent, for example a surfactant comprising a silicon 
40 glycol copolymer (see U.S. Patents No. 3,853,601 
and 3.929.509). However, in the former method, 
once the membrane is dried, for example, to effect 
ethylene oxide sterilization, the effect of the 
pretreatment is lost, thereby causing it necessary 
45 to take the same procedures once more. In the 
latter method, the surface active agent dissolves or 
is disp rs d in an aqueous liquid at th time of 
filtration or ultrafiltration, thereby contaminating the 
aqueous liquid. Moreover, the latter method has 
so such a drawback that the effect of the pretreatment 
for rendering hydrophilic is lost with the lapse of 
time. 
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With a view to obviating such disadvantages, 
proposals hav been made. See. for example. Jap- 
anese Patent Application Laid-open Specification 
Nos. 53-21270/1978. 53-134871 1978. 54- 
8669/1979 and 54-1 7978'1 979. The hydrophil.c 
composite porous membranes atsdosed in these 
specifications are prepared oy Miing the pore 
spaces of a hydrophobic porous memorane with an 
aqueous solution containing a water-soluble high 
polymer and msolubilizing the water-soluble high 
polymer by post-crossiinking treatment such as 
irradiation with ionizing radiation, thereby causing 
the polymer to be fixed to the wall surfaces of 
pores of the membrane. Since water soluble high 
polymers have a high solubility parameter whereas 
hydrophobic high polymers have a low solubility 
parameter, their affinity is low and they do not 
adhere to each other at all. In the methods of the 
above-mentioned Japanese patent application laid- 
open specifications, the water soluble high polymer 
is crosslinked to form a three-dimensional structure 
by post-treatment so that the water soluble high 
polymer may be fixed to the hydrophobic porous 
polymer constituting the membrane. However, the 
hydrophilic composite porous membrane has such 
a drawback that due to the use of a water soluble 
high polymer, the water soluble high polymer re- 
maining uncrosslinked dissolves into the aqueous 
liquid at the time of filtration or ultrafiltration when 
the crosstinking treatment thereof is insufficiently 
effected. Further, the hydrophilic composite porous 
membranes have such a drawback that when the 
crosstinking degree of the water soluble polymer is 
high, the pore diameter of the membrane de- 
creases, thereby causing the water permeability of 
the membrane to be disadvantageous^ lowered. 
Still further, from the practical point of view, the 
post-crosslinking treatment necessitates complicat- 
ed procedures and especially, the irradiation with 
ionizing radiation requires a large-scale facility, 
causing the product cost to disadvantageous^ in- 
crease. 

The inventors have made extensive and inten- 
sive studies to develop a hydrophilic composite 
porous membrane which is free from the above- 
mentioned drawbacks of the prior art. As a result, 
the inventors have unexpectedly found that a mem- 
brane comprising a polyolefin membranous matrix 
having pores and at least one coat layer of water- 
insoluble copolymer formed substantially on the 
overall surfac of the matrix including both the 
surfaces of the matrix and the innur wall surfaces 
of the pores, which copolymer has a specific 
hydropholic monomeric unit content, is an excellent 



hydrophilic composite porous membrane which is 
useful for the filtration or ultrafiltration of aqueous 
suspensions or solutions. Based on this novel find- 
ing, the present invention has been completed. 
5 It is. therefore, an object of the present inven- 

tion to provide a hydroohihc composite porous 
memorane wmch can oe used wttnout any oretreat- 
ment io> ;ne filtration or ultrafiltration of acueous 
suspensions o.' solutions, ana wnicn is excellent :n 
w mechanical strength m the wet state as well as m 
the dry state and swelling characteristics, and also 
excellent m safety in medical aooitcations 

It is another object of the present invention to 
provide an effective method of producing such an 
15 excellent hydrophilic composite porous membrane. 

It is a further object of tne present invention to 
provide a novel plasma separator which can be 
used without any pretreatment and wmch is ex- 
cellent m plasma separation adiiity and safety m 
20 medical applications. 

The foregoing and other objects, features and 
advantages of the present invention will be appar- 
ent to those skilled in the an from the following 
detailed description and appended claims. 
25 In one aspect of the present invention, there is 

provided a hydrophilic composite porous mem- 
brane comprising: 

a polyolefin membranous matrix having pores 
30 which are present within the matrix in communicat- 
ing relationship and form throughpaths running 
from one surface of the matrix to the other surface 
of the matrix, and 

35 at least one copolymer coat layer formed substan- 
tially on the overall surface of the matrix including 
both the surfaces of the matrix and the inner wall 
surfaces of said pores, leaving spaces within said 
pores and leaving openings on both the surfaces of 

*o said matrix, said openings respectively commu- 
nicating with said spaces. 

said copolymer being water-insoluble and com- 
prised of hydrophilic monomeric units and hydro- 
ps phobic monomeric units, and having a hydrophilic 
monomeric unit content of from 40 to 90 % by 
weight based on the copolymer. 

The hydrophilic composite porous membrane 
of the present invention has a structure in which 
50 substantially the overall surface of a hydrophobic 
polyolefin porous matrix is covered by at least one 
coat lay r made of a c polymer comprising hydro- 
philic monomeric un?ts and hydrophobic mon- 
omeric units. Due to the structure, like the hy- 
55 drophobic porous membran s. the hydrophilic 
composite porous membrane of the present inven- 
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tion scarcely swells with water and the mechanical 
strength of the membrane scare ly decreases even 
when it is contacted with an aqueous solution. 
Further, due to the hydrophihe coat layer of the 
membrane, the membrane is readily wetted with 
water and can be used as a filter membrane for an 
aqueous liquid without any oretreatmeni for render- 
«ng tne membrane hyaropnihc. Still further, the 
dimension and performance of the membrane 
scarcely vanes even when the membrane is re- 
peatedly subjected to alternate wet and dry con- 
ditions. Therefore, in producing the membrane, 
drying can be readily effected without using a 
wetting agent such as glycerin, which is generally 
employed to prevent the structure of a hydrophihe 
porous membrane from undergoing disadvanta- 
geous changes. Still further, since it is unnecessary 
to use a surface active agent for rendering the 
membrane hydropholic in the present invention, the 
membrane of the present invention is a clean 
membrane that does not substantially contain any 
contaminants which will dissolve into and contami- 
nate an aqueous suspension or solution to be treat- 
ed. 

The polyolefin membranous matrix to be em- 
ployed in the present invention has pores which 
are present within the matrix in communicating 
relationship and form throughpaths running from 
one surface of the matrix to the other surface of the 
matrix. The hydrophilic composite porous mem- 
brane of the present invention comprises the matrix 
and at least one copolymer coat layer formed sub- 
stantially on the overall surface of the matrix includ- 
ing both the surfaces of the matrix and the inner 
wall surfaces of the pores, leaving spaces within 
the pores and leaving openings on both the sur- 
faces of the matrix which openings respectively 
communicate with the above-mentioned spaces. 
The terminology "overall surface of the matrix" as 
used herein means the sum of the inner wall sur- 
faces of the pores contributing to permeation of the 
intended materials and the surfaces of both sides 
of the porous matrix. The composite porous mem- 
brane of the present invention is utterly different 
from the asymmetrical composite membrane 
known in the art. That is. with respect to the 
former, substantially the overall surface of the ma- 
trix is covered by at least one copolymer coat 
layer, whereas with respect to the latter, the sur- 
face of only one side of th support film is covered 
by a very thin film, for example, a film having a 
thickness of 10 to 30 nm. Moreov r, the f rmer is 
imparted with water permeability, whereas the latter 
is imparted with reverse osmosis ability. 



The composite porous membrane of the 
present invention may be of flat form, tubular form 
or hollow fiber form Of these forms, the hollow 
fiber form is preferred because with it. a small- 

5 sized and efficient device, for example plasma sep- 
arator can be easily produced. The composite 
oorous membrane of the present invention prefer- 
aoiy nas an average pore diameter of 0.02 to 4.0 
urn and a Dorosity of 30 to 90 °o by volume The 

w average pore diameter and porosity are measured 
m the manners as described later m this specifica- 
tion. 

As the polyoiefm to be employed m the 
present invention, there may be mentioned, for 
example, polyethylene, polypropylene, poly-3- 
methylbutene-l . poly4-methy!pentene-l and 
copolymers prepared from two or more kinds of 
the monomers constituting the above mentioned 
poiyolefms. Of them, polyethylene and poly- 

20 propylene are preferably employed because a po- 
rous structure having a sufficiently large pore diam- 
eter can be easily obtained with them. 

With respect to the molecular sue of the 
polyolefin to be employed m the present invention. 

25 the polyolefin preferably exhibits a melt index of 50 
or less, more preferably from 1 to 15. as measured 
according to ASTM D 1238. 

The copolymer comprising hydrophilic mon- 
omeric units and hydrophobic monomeric units to 

30 be employed in the present invention may be any 
one of copolymers comprising hydrophilic mon- 
omeric units and hydrophobic monomeric units. In 
other words, the copolymer may be of any kind, for 
example, a block copolymer, a graft copolymer or 

35 a random copolymer provided that the copolymer 
comprises hydrophilic monomeric units and hy- 
drophobic monomeric units. 

The terminology "hydrophilic monomeric unit" 
as used herein means such a monomeric unit as 

40 will give a polymer which, when it is composed of 
only the monomeric units, is water-soluble or has 
wettability by water. As the preferred hydrophilic 
monomeric unit, there may be mentioned, for ex- 
ample, those from monomer compounds having a 

45 hydrophilic functional group such as a hydroxyl 
group, a carboxyl group, an amide group, an amino 
group, a sulfonic group, an oxyethylene group or 
the like. Specific examples of such monomeric 
units include those from vinyl alcohol, hydroxyethyl 

50 methacrylate. acrylic acid, acrylamide, vinylpyr- 
rolidone, oxyethylene and the like. 

The terminology "hydrophobic monomeric 
unit" as used herein means such a monomeric unit 
as will give a polymer which, when it is composed 

55 of only the monomeric units, cannot be wetted with 
water and of which the contact angle of distilled 
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water on the polymer is about 70 0 or more. As the 
preferred hydrophobic monomenc unit, there may 
be mentioned, for example, those from monomer 
compounds having a hydrophobic functional group 
such as an alkyi group, an alkyiene group, a halo- 
gen group, a phenyl group, a dimethyisiloxane 
group or the like. Specific examples of such mon- 
omenc units include tnose from ethylene, oro- 
pyiene. vmybaene fluoride, tetrafluoroethyiene. vi- 
nyl chloride, vmyhdene chloride, styrene. 
dimethysiloxane, ethylene terephthalate. bisphenol 
A carbonate, ammoundecanoic acid, aromatic 
urethanes and the like. 

The hydrophilic monomenc unu content of the 
copolymer to be employed in the present invention 
is preferably in the range of 40 to 90 % by weight, 
more preferably 50 to 80 % by weight, based on 
the copolymer. When the hydrophilic monomenc 
unit content is less than 40 % by weight, the 
hydrophilic property of the copolymer is insuffi- 
cient. On the other hand, when the hydrophilic 
monomeric unit content is more than 90 % by 
weight, the adhesion strength between the porous 
matrix made of a hydrophobic polymer and the 
coat layer made of the copolymer becomes poor. 
Among the above-mentioned hydrophobic mon- 
omeric units, ethylene units are most preferred. 
The copolymer comprising ethylene units exhibits 
a good adhesion to a poly olefin membranous ma- 
trix, especially when it is a matrix of polyethylene. 
Moreover, since ethylene units are chemically sta- 
ble, the membrane containing ethylene units as the 
hydrophobic monomeric units can be advanta- 
geously utilized .as the safe material for medical 
instruments. As the hydrophilic monomeric units, 
vinyl alcohol units are most preferred. Vinyl alcohol 
units have the simplest chemical structure among 
the vinyl monomer units having a hydroxyl group. 
Vinyl alcohol units are chemically stable and have 
good compatibility with a living body. Further, vinyl 
alcohol units have a strong hydrophilicity and 
therefore, even if the vinyl alcohol unit content of 
the copolymer is relatively small, the copolymer 
exhibits a sufficient hydrophilicity. Usually, vinyl 
alcohol units are obtained by saponifying vinyl ace- 
tate units, ft is preferred that the degree of saponi- 
fication be 80 % or more in order to impart the 
copolymer with a sufficient hydrophilicity. 

As the most preferred copolymer comprising 
hydrophilic monomeric units and hydrophobic mon- 
omeric units, there may be m ntioned, for exam- 
ple, a copolymer of ethylen and vinyl alcohol. 
With respect to the copolymer of ehyfene and 
vinyl alcohol, it is pref rr d that th copolymer 
contain 25 to 50 % by mole of ethylene units - 
(about 60 to 83 % by weight of vinyl alcohol units). 



The copolymer having such composition is pre- 
ferred from the viewpoint of the balance between 
adhesion and hydrophilicity. The copolymer of eth- 
ylene and vinyl alcohol has the advantages as 
5 described above with respect to ethylene units anc 
vinyl alconol units. 

The copolymer to oe employed m the present 
invention is solid at room temoerature (25 5 C« anc 
insoluble in water. The copolymer preferaoly nas a 
w number average molecular weight of 10.000 or 
more as measured according to the customary gel 
permeation chromatography method in which poly- 
styrene is used as reference material. 

The polyolefin membranous matrix per se gen- 

*s erally does not exhibit any appreciable water per- 
meability. This is due to the hydrophobicity of the 
matrix. The polyolefin membranous matrix comes 
to allow water to permeate therethrough once the 
pores of the matrix are wetted with an alcohol. The 

20 membrane of the present invention having at least 
one copolymer coat layer formed substantially on 
the overall surface of the matrix exhibits an ex- 
cellent permeability, which is generally greater than 
about 50 % of the permeability exhibited by the 

25 matrix pretreated with an alcohol. Hence, the for- 
• mation of the copolymer coat layer on the overall 
surface of the matrix including both the surfaces of 
the matrix and the inner wall surfaces of the pores 
can be readily confirmed by comparing the water 

30 permeability of a composite porous membrane with 
that exhibited by the matrix which has been wetted 
with an alcohol. 

Moreover, the formation of the copolymer coat 
layer substantially on the overall surface of the 

35 matrix can be confirmed by the microscopic ob- 
servation of the cross section of a dyed coat layer. 
The dyed coat layer can be obtained by adding a 
dye. for example methylene blue, to the copolymer 
solution to be applied to the polyolefin rnembra- 

40 nous matrix. f 

The copolymer coat layer enables the compos- 
ite porous membrane comprising the hydrophilic 
monomeric units and hydrophobic monomeric units 
to exhibit a desirable permeability. However, it 

45 does not dissolve m water, aqueous solutions or 
suspensions or the like. 

The coat layer of the composite porous mem- 
brane of the present invention covers substantially 
the overall surface of the matrix including both the 

so surfaces of the matrix and the inner wall surfaces 
of the pores of the matrix. It is generally preferred 
that to ensure the suffici nt water permeability of 
the membrane, the coat layer cover at least 70 % 
of the ar a of the overall surface. Th thickness of 

55 the coat layer is preferably at ie«-3t t nm - 
(corresponding to the thickn ss of a mon- 
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omolecular layer) The thickness of the coat layer 
can be increased as far as soaces are left withm 
the pores and openings are left on Doth :ne sur- 
faces of the matrix wmcn ooer.mgs respectively 
communicate witn me spaces Tne amount of tne 
coat layer as expressed m terms y weignt per unit 
area of trie surface ot ?ne oorous mat'.* :< oreier- 
ably m me range of :-onr aooj: ' • 10" tc acou: 2 
/ 10 gov The overall surface c: tne oorous matrix 
is measured according to the method as described 
later in this specification 

In another aspect of the present invention, 
there is provided a method of producing a hydro- 
phihc composite porous membrane comprising the 
steps of: 

(1) applying, to a polyolefm membranous 
matrix having pores which are present within 
the matrix in communicating relationship and 
form throughpaths running from one surface 
of the matrix to the other surface of the 
matrix, a solution of a water-insoluble 
copolymer comprised of hydrophilic mon- 
omeric units and hydrophobic monomeric 
units and having a hydrophilic monomeric 
unit content of from 40 to 90 % by weight 
based on the copolymer in an organic sol- 
vent or a mixture of an organic solvent and 
water thereby to obtain a preliminary product 
in which said solution is attached to substan- 
tially the overall surface of said matrix, said 
overall surface including both the surfaces of 
the matrix and the inner wall surfaces of said 
pores: and 

(2) drying said preliminary product to re- 
move said organic solvent or mixture of an 
organic solvent and water so that said 
copolymer forms a coat layer covering sub- 
stantially the overall surface of said matrix, 
leaving spaces within said pores and leaving 
openings on both the surfaces of said matrix, 
said openings respectively communicating 
with said spaces. 

The above-mentioned polyolefin membranous 
matrix having pores to be employed in the present 
invention may be prepared utilizing the customary 
methods for preparing porous membranes, such as 
the wet membraneforming method, the melt phase- 
conversion method and the stretching perforation 
method. With respect to the wet nembrane-for- 
ming method, reference may be made to. for ex- 
ample. U.S. Patent No. 3.615.024. With respect to 
the melt phas -conversion method, refer nee may 
be made to. for example. U.K. Patent No. 
2.026.935. With respect to the stretching p rfora- 



tion method, reference may be made to. for exam- 
ple. U.S. Patents No. 3.679.538 and 3.558.764. In 
the stretching perforation method, a crystalline 
polymer is melt molded to form a nollow fioer or a 
i film, whicn is subjected to cold stretching tc cause 
cleavages among crystalline lamellae o* tne noiiow 
fioer or tne film ana tnen SuCjectec to no: stretch- 
ing to anam a core exoansion of tne honor.- ; oer y 
tne film, tnereoy forming a porous memc-anous 
to matrix. That is. the stretching perforation metnod »s 
a method in which por^js membranous matrixes 
are formed by physical means, i.e.. stretenmg. 
without treating a polymer material with a solvent 
or the like, thereby not causing a problem of re- 
is maming of a solvent or the like. Therefore, tne 
stretching perforation method is preferably em- 
ployed. With respect to the structure of the porous 
membranous matrix produced according to the 
stretching perforation method, the matrix is on- 

20 ented in the stretching direction of the matrix, and 
the pores within the matrix are elliptic in cross 
section taken in the stretching direction of the 
matrix and are defined by microfibrils that are 
oriented in the stretching direction of the matrix 

25 and knotted portions that are cross-connected to 
said microfibrils and are each in the form of 
stacked lamellae, which pores within the matrix 
include intermediate pores which are present within 
the matrix in communicating relationship and end 

30 pores which open at both the surfaces of the ma- 
trix. The intermediate pores and the end pores 
form the throughpaths running between both the 
surfaces of the matrix. 

The organic solvent to be employed in the 

35 present invention for dissolving the copolymer 
comprising hydrophilic monomeric units and hy- 
drophobic monomeric units is chosen from the 
ordinarily employed good solvents for high poly- 
mers. It is generally preferred that a polar organic 

40 solvent be used. When a solution made by dissolv- 
ing a hydrophilic copolymer in an organic solvent 
having a high polarity is applied onto the surface of 
a hydrophobic polyolefin matrix to form a coat 
layer, the hydrophilic groups of high polarity ap- 

45 pear on the surface of the coat layer, thereby 
rendering the surface advantageously hydrophilic. 
Water may be preferably added to the organic 
solvent for a hydrophilic copolymer in order to 
increase the polarity of the solvent as far as the 

so solubility of the copolymer in th solvent is not 
decreased. The suitable organic solvent may be 
one which exhibits a solubility in water of 20 % by 
weight or more at a temperature lower than the 
boiling point of the solvent and which has a Hil- 

55 debrand solubility parameter of 9.5 (cal.cm-y* or 
more. As th organic solvant to be employed in the 
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present invention, there may be mentioned, for 
example, alcohols such as methanol, ethanoi. n- 
propanoi. tsopropanol. sec-butanoi. t-Dutanoi. 
cydohexanol and the like: naioalconois sucn as 
tnfluoroethanol. hexafluoroisopropanoi and the like 
polyhydric alcohols such as ethylene glycol, pro- 
pylene glycol. glycerin ana me iixe. 
tetrahydrofuran; dioxane. dimetnyUormamioe 
dimethyl sulfoxide: dimethytacetamioe. formamiae. 
ethylene chlorohydrin and the like. Of these sol- 
vents, methanol, ethanoi. 1-propanot. 2-propanoi 
and dimethyl sulfoxide are most preferably used 
when a copolymer of ethylene and vinyl alcohol is 
employed for the coat layer because they are good 
solvents for the copolymer and their toxicity is low 
The abovementioned solvents may be used alone 
or in the form of a mixture thereof. A mixture of 
one or more of the above-mentioned organic sol- 
vents and water is preferably employed. 

With respect to a copolymer of ethylene and 
vinyl alcohol, a detailed explanation will be made 
on the method of producing a hydrophilic compos- 
ite porous membrane according to the present in- 
vention. First, the copolymer is dissolved in a sol- 
vent as mentioned above according to customary 
procedures to obtain a solution. The copolymer 
concentration of the solution may be any con- 
centration suitable for coating. It is generally pre- 
ferred, however, that the concentration be in the 
range of about 0.1 to 5 % by weight. The 
copolymer may be dissolved at a temperature 
which is not critical but preferably at a temperature 
of about 25 °C to about the boiling point of the 
solvent. 

Next, the copolymer solution is applied to a 
polyolefin membranous matrix as described herein- 
before to obtain a preliminary product in which the 
solution is attached to substantially the overall sur- 
face of the matrix. Then, the preliminary product is 
dried to remove the solvent. As a result of the 
removal of the solvent, a coat layer of the 
copolymer is formed on substantially the overall 
surface of the matrix. However, spaces are left 
within the pores, and openings which respectively 
communicate with the spaces are left on both the 
surfaces of the matrix. The above-mentioned ap- 
plication of the copolymer solution and drying of 
the preliminary product may be carried out batch- 
wise or in a continuous manner. 

When the application of the copolymer solution 
and drying are conducted batchwise. thd polyolefin 
membranous matrix is cut into a predetermined 
length in the case of a hollow fiber or tubular matrix 
or into a predetermined shap . for example circular 
shape r rectangular shape, in the case of a flat 
matrix. On the other hand, when th application of 



the copolymer solution and drying are conducted in 
a continuous manner, a continuous flat polyolefin 
membranous matrix, continuous tubular polyolefin 
memoranous matrix or continuous hollow fiber 
ooiyoiefm memoranous matrix is travelled in the 
longttuomal direction of the matrix. Conducting the 
aootication of tne copolymer solution and drying m 
a cont.nuous manner is more advantageous than 
conouciing them oatchwise from the viewpoint of 
io productivity. 

The coat layer may be formed by one applica- 
tion of the copolymer solution followed by drying. 
Alternatively, the coat layer may be formed by 
repeating the sequence of application of the 
is copolymer solution at a relatively low concentra- 
tion, for example about 0.1 to 2 % by weight, and 
drying. When the copolymer solution has a high 
concentration of .copolymer and hence a high vis- 
cosity, formation of a uniform coat layer on the 

20 overall surface of the matrix becomes difficult due 
to the occurrence of uneven coating of the solution 
and difficulty in penetration of the solution into the 
pores of the matrix. Therefore, repeating the se- 
quence of application of the copolymer solution at 

25 a relatively low concentration, for example about 
0.1 to 2 % by weight, and drying is generally more 
advantageous than conducting only one application 
of the copolymer solution followed by drying. 

With respect to the application of the 

oo copolymer solution, the method of effecting the 
application is not critical. Application of the 
copolymer solution may be performed, for exam- 
ple, by coating the matrix with the copolymer solu- 
tion being fed from at least one nozzle disposed 

35 around the matrix or by dipping the matrix in the 
copolymer solution. Further, application of the 
copolymer solution may be performed by spraying 
the solution over the matrix or by traveling the 
matrix on a roller having a copolymer solution layer 

40 thereon. When, for the application of the copolymer 
solution, a bundle of matrix pieces has been dip- 
ped in a copolymer solution and is taken out from 
the solution, an excess of the solution may be 
retained between the matrix pieces. The excess 

45 solution can be readily removed by, for example, 
giving vibration to the bundle. 

The temperature at which the copolymer solu- 
tion is applied to the polyolefin membranous matrix 
is not critical. However, it is generally preferred that 

so the copolymer solution be applied at about 25 °C 
to a temperature which is lower than the boiling 
point of the solvent. In the case of the preferred 
solvent comprising an organic solvent and water, 
the copolymer solution may be applied at a tem- 

55 perature of about 25 °C to less than 100 °C. 
Generally, with the el vation of the temperature. 
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the viscosity of the copolymer solution decreases. 
The decrease of the viscosity is advantageous from 
the viewpoint of the ease in the penetration of the 
copolymer solution into the porous matrix. How- 
ever, at temperatures equal to or greater than the 
boiling point of the solvent. tne evaporation of tne 
solvent from the copolymer solution is so rugn that 
the composition of the solution is disadvantageous 
changed. Application of the copolymer solution 
may be conducted within a period of several sec- 
onds to several tens of minutes. When the 
polyolefin membranous matrix is of flat form, the 
copolymer solution may be applied either to one 
side or both sides of the matrix. When the matrix is 
of tubular or hollow fiber form, the copolymer solu- 
tion is preferably applied to only the outer surface 
of the matrix. Even if the copolymer solution is 
applied to one side of the matrix, since the matrix 
has a porous structure, part of the copolymer solu- 
tion on the applied surface permeates into the 
pores of the matrix to reach the other surface of 
the matrix, thereby to adhere to the overall surface 
of the matrix. 

In the composite membrane according to the 
present invention, the adhesion between the coat 
layer and the polyolefin matrix is excellent, and the 
surface of the coat layer has advantageously a high 
hydrophiiicity. This is believed to be due to the 
unique disposition of the ethylene units and vinyl 
alcohol units of the copolymer. The ethylene units 
are nonpolar, and have a hydrophobic property as 
the polyolefin matrix has. Accordingly, when the 
copolymer solution is applied to the polyolefin ma- 
trix in the method of the present invention, the 
ethylene units are believed to be disposed in the 
coat layer so as to be in contact with the polyolefin 
matrix. On the other hand, the vinyl alcohol units 
are polar, and have a hydrophilic property as op- 
posed to the polyolefin matrix. Accordingly, when 
the copolymer solution is applied to the polyolefin 
matrix in the method of the present invention, the 
vinyl alcohol units are believed to be disposed in 
the coat layer so as to form the surface of the coat 
layer remote from the polyolefin matrix From the 
viewpoint of promoting the above-mentioned 
unique disposition, a mixed solvent of an organic 
solvent and water may be preferred to an organic 
solvent alone. Water may be added to an organic 
solvent to such an extent that the copolymer is no 
longer soluble in the mixed solvent. To increase 
the polarity of the mixed solvent hereby increasing 
the above-mentioned disposition erf ct. it is pr - 
ferred that the amount of water be increased. The 
solubility of the copolymer m the mixed solvent 
varies depending on the thylen unit content of 



the copolymer, the temperature of the solvent and 
other factors. In general, the amount of water is 
preferred in the range of 5 to 60 % by weight 
based on the mixed solvent 
5 With respect to trie drying of the preliminary 

product, the drying may be effected according to 
customary drying methods, for examoie. vacuum 
drying, hot-air drying or the like The 3rymg may 
be effected at a temperature which win not cause 

io deformation of the porous matrix coated with the 
copolymer solution, 't is generally preferred that 
the temperature be not greater than 130 6 C 

The hydrophilic composite porous membrane 
of the present invention is excellent both m me- 

75 chanical strength in the wet state and m dimen- 
• sional stabili ty. and is readily wettable with water. 
Therefore, it may be advantageously utilized for the 
filtration and ultrafiltration of aqueous suspensions 
and solutions. It may also be advantageously uti- 

20 Uze6 as a battery separator 

Moreover, the hydrophilic composite porous 
membrane of the present invention is advanta- 
geous from the viewpoint of tne safety m medical 
applications since it is produced without using a 

25 surface active agent or any other material which 
dissolves m an aqueous liquid. Therefore, the hy- 
drophilic composite porous membrane of the 
present invention can be advantageously utilized as 
a plasma separator, a membrane for separating 

30 plasma components, a filter for removing bacterium 
or the like. 

Accordingly, in a further aspect of the present 
invention, there is provided a plasma separator 
comprising: 

35 

a vessel provided with a blood introduction means, 
a blood withdrawal means and a plasma withdrawal 
means; and 

40 a plurality of porous hollow fibers which are con- 
tained within the vessel, leaving spaces betw en 
the inner surface of said vessel and said plurality of 
porous hollow fibers and between and inside said 
plurality of porous hollow fibers; 

45 

said blood introduction means and said blood with- 
drawal means communicating with each other 
through said plurality of porous hollow fibers fluid- 
tightly connected therebetween; 

50 

said hollow fiber being adapted t pass blood 
therethrough while causing the plasma compon nt 
of the blood to be seiectiv ly passed through the 
walls of the hollow fibers and withdrawn through 
55 the plasma withdrawal means; 
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each hollow fiber comprising: 

a polyolefin membranous matrix having pores 
which are present within the matrix m communicat- 
ing relationship ana form througnoaths running 
from one surface of me matrix to trie other surface 
of the matrix, and 

at least one copolymer coat layer lormed substan- 
tially on the overall surface of the matrix including 
both the surfaces of the matrix and the inner wall 
surfaces of said pores, leaving spaces within said 
pores and leaving openings on both the surfaces of 
said matrix, said openings respectively commu- 
nicating with said spaces within said pores, 



(1) Average Pore Diameter (urn) 



ordinate to give a pore diameter distribution curve. 
Thus, the total pore volume is defined by the 
abscissa and the pore diameter distribution curve. 
A vertical line can be drawn parallel to tne ordinate 
t so that the total oore volume is halved. The value 
of the pore diameter on the abscissa at us point 
crossed by the aoovementioned vertical line is 
reierrec to as "average pore diameter" 

io (2) Water Permeability (I hr.m : .mmHg) 

The water permeability of the membrane was 
determined as follows. The membrane is immersed 
in distilled water at 25 9 C and at a trans-membrane 
js differential pressure of 50 mmHg without any 
pretreatment for rendering the sample hydrophilic 
using ethanol. and the amount of the water which 
has passed through the membrane is measured. 
The water permeability of the membrane is cal- 
culated from the amount of the water. 

(3) Tensile Breaking Strength (Kgf cm 1 ) 

Tensile Breaking Elongation 

The tensile breaking strength and tensile 
breaking elongation were determined as follows. 
The membrane is subjected to a tensile test using 
an Instron type tensile tester at a strain rate of 200 
%/mtn and at a temperature of 25 °C to obtain five 
measurement values. The values are averaged to 
determine the tensile breaking strength and tensile 
breaking elongation. 

(4) Overall Surface of Porous Matrix <m 2 g) 

The overall surface of porous matrix was deter- 
mined as follows. The nitrogen gas adsorption 
amount of the matrix is measured using a BET (S. 
Brunauer-P.H. Emmett -E. Taylor) type surface 
area measuring apparatus, and the overall surface 
is determined from the nitrogen gas adsorption 
amount according to the customary one-point 
method. 

(5) Porosity (% by volume) 

The porosity as used herein is defined as fol- 
lows, 
so 



The average pore diameter was determined as 45 
follows. The pore diameter and pore volume of the 
membrane are measured by means of a mercury 
porosimeter. The logarithm of the diameter is plot- 
ted as abscissa and the pore volume is plotted as 



said copolymer being water-insotubie and com- 
prised of hydrophilic monomenc units and hydro- 
phobic monomenc units, and having a hydrophilic 
monomenc unit content of from 40 to 90 % by 2c 
weight based on the copolymer. 

The kind of the vessel to be employed in the 
present invention is not critical, and the vessel may 
be made of. for example, a material selected from 
various plastics such as polycarbonate, a 25 
copolymer of acrylonitrile and styrene. polystyrene 
and a terpolymer of acrylonitrile, butadiene and 
styrene. The vessel, which is provided with a blood 
introduction means, a blood withdrawal means and 
a plasma withdrawal means, is well known in the 30 
art and can be fabricated according to customary 
procedures. 

The present invention will now be described in 
more detail with reference to the following Exam- 
ples, which should not be construed to be limiting 35 
the scope of the present invention. 

In the following Examples and Comparative Ex- 
ample, the properties of the polyolefin membra- 
nous matrix and hydrophilic composite porous 
membrane were determined according to the fol- 40 
lowing methods. 



pore volume 

Porosity (%) = _ _ x 10 o 

bulk volume of the membrane 
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The pore volum is measured using a mercury 
porosimeter. The bulk volume of the membrane is 
determined by making a 100-fold magnified image 
of the sample membrane by means of a projector 
and measuring the dimension of the sample, with 
respect to the magnified image, by means of a 
micrometer. 

(6) Plasma Separation Rate (mi-hr.mvmmHg) 

An ACD solution (citric acid -sodium citrate- 
dextrose solution)-added bovine blood having a he- 
matocrit value of 35 % is passed through the 
composite porous membrane at 37 'C and at a 
transmembrane differential pressure of 30 mmHg. 
By measuring the volume of the separated plasma, 
the plasma separation rate is determined. 

(7) Hot Water Extraction Test 

The composite porous membrane is immersed 
in the hot water maintained at 80 i 5 °C for 3 
hours. The weight change of the membrane is 
obtained by measuring the weight of the mem- 
brane before and after the immersion. 

(8) Polymer Latex Permeability: 

A polystyrene-co-butadiene latex (SBR636 
manufactured and sold by Dow Chemicals Co.. 
Ltd.. U.S.A.) having an average particle diameter of 
0.2 urn is used to prepare an aqueous suspension 
having a polymer concentration of 0.033 % by 
weight. The obtained suspension is filtered through 
the composite porous membrane at a trans-mem- 
brane differential pressure of 50 mmHg. Then, the 
obtained filtrate is subjected to nephelometry at a 
wave length of 500 nm to determine the concentra- 
tion of the polymer particles. From the determined 
concentration, there is calculated the permeability - 
(Sc) for the polymer particles according to the 
equation: 

Sc (%) = Cf Co ■ 100 

wherein Cf represents the concentration of the 
polymer particles in the filtrate and Co the con- 
centration of those m the suspension before filtra- 
tion. 

Example 1 

A high-density polyethylene [HI-ZEX 2208J - 
(registered trade mark) manufactur d and sold by 
Mitsui Petroch mical Co.. Japan) having a density 
of 0.968 g'cm* and a melt index, as measured in 



accordance with ASTM D1238. of 5.5 was extruded 
through an annular hollow fib r spinning nozzle 
having an annular orifice outside diameter of 33 
mm and an annular orifice inside diameter of 27 
5 mm (slit width: 3 mm) at a spinning temperature of 
150 °C and a spinning rate of 400 m mm. The thus 
ootainea preliminary hollow fiber was subjected to 
annealing at 120 °C for 2 hours. The annealed 
hollow fiper was then co»d stretched at a stretching 
w ratio of 30 % at room temperature (about 25 °C), 
and hot stretched at a stretching ratio of 350 % at 
105 °C. Thus, there was obtained a polyethylene 
hollow fiber matrix having a porous structure. The 
obtained hollow fiber matrix had an inner diameter 
/5 of 320 am. a thickness of 45 urn and an overall 
surlace area, as defined hereinbefore, of 21 m''g. A 
copolymer of ethylene and vinyl alcohol (Soarnol E 
(registered trade mark) manufactured and sold by 
Nippon Synthetic Chemical Industry Co., Ltd.. Ja- 
20 pan) having an ethylene unit content of 38 % by 
mole and a vinyl alcohol unit content of 72 % by 
weight was dissolved m a 75 % by volume aque- 
ous ethanol solution at an elevated temperature to 
obtain a solution containing the copolymer at a 
25 concentration of 0.5 % by weight. While maintain- 
ing the copolymer solution at a temperature of 50 
°C. the above-obtained polyethylene hollow fiber 
matrix was dipped in the copolymer solution for 10 
minutes. The matrix was taken out and dried by 
30 means of hot air having a temperature of 50 °C for 
3 hours to obtain a composite hollow fiber mem- 
brane comprising the polyethylene hollow fiber ma- 
trix and a copolymer coat layer. 

The thus-obtained composite hollow fiber 
35 membrane had an inner diameter of 320 am, a 
thickness of 45 urn. a porosity of 71 % by volume, 
and an average pore diameter of 0.70 am as 
measured with a mercury porosimeter. The amount 
of the coat layer was 3.2 x 10" J g/rrv. The obtained 
40 membrane had a good water wettability and when 
the membrane was immersed in water, it was read- 
ily wetted with water. Further, without any pretreat- 
ment. the obtained membrane showed an excellent 
water permeability, which was 7.9 t/hr.m 2 . mmHg. 
45 Since the water permeability of the membrane 
which was pretreated with ethanol was also about 
7.9 Imr.m'.mmHg, it was confirmed that substan- 
tially the overall surface of the matrix was covered 
by the copolymer coat layer The plasma 
so s paraticn rate of the m mbran was also as high 
as 85 mt/hr.m 2 .mmHg. The membrane was sub- 
jected to the hot water xtraction t st As a result, 
the extracted proportion was found to be 0.0 %, 
which was advantageously lower than the average 
55 xtracted proportion of 0.4 % and maxii.ium ex- 
tracted proportion of 1 .6 % as indicated in Example 
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3 of Japanese Patent Application Laid-open Speci- 
fication No. 54-8669/1979. The tensile breaking 
strength and tensile breaking elongation of the 
membrane in the ory state were found to be 510 
kgf cm : and 30 %. respectively. On the other hand. 5 
the tensile breaking strength and tensile breaking 
elongation of the membrane in the wet state were 
found to be 517 kgf.cm' and 31 V respectively 
That is. the mechanical properties of the mem- 
brane in the wet state were scarcely different from tc 
those m the dry state, and in both cases, the 
membrane had excellent mechanical properties. No 
swelling of the membrane in the lengthwise direc- 
tion was observed in the wet state. Drying and 
wetting of the membrane were repeated 10 times. 15 
and the water permeability and mechanical prop- 
erties thereof were measured. Any significant de- 
crease of the water permeability and change of the 
mechanical characteristics of the membrane were 
not observed advantageously. 20 

To further confirm the formation of the 
copolymer coat layer substantially on the overall 
surface of the matrix, the above procedures for 
producing a composite hollow fiber porous mem- 
brane were repeated except that methylene blue 25 
was added to the copolymer solution. The resulting 
hollow fiber membrane was transversely cut to 
obtain a thin piece, and the cross section of it was 
observed by means of an optical microscope - 
(magnification: x 600). The microscopic observation 30 
of the cross section showed that a dyed coat layer 
was uniformly formed substantially on the overall 
surface of the matrix! 

Example 2 35 

A polypropylene [Noblen D-501 (registered 
trade mark) manufactured and sold by Sumitomo 
Chemical Co.. Ltd.. Japan], finely divided silicic 
acid and dibutyl phthalate were mixed at a weight 40 



ratio of 23 : 23.5 : 53.5 in a Henschel mixer and 
pelletized. The pellets were extruded through an 
annular double spinning nozzle attached to the 
extruder to form a hollow fiber. The dibutyl 
phthalate in the hollow fiber was extracted with 
1.1.1-trichloroethane and then, the finely divided 
sihcic acid m the hollow fiber was extracted with a 
40 °o NaOH aqueous solution, followed by washing 
with water and drying. Thus, there was obtained a 
porous polypropylene hollow fiber matrix having an 
inner diameter of 550 urn ind a thickness of 160 
um. Various coat layers were formed on the overall 
surface of the polypropylene hollow fiber matrix in 
substantially the same manner as in Example 1 
except that various kinds of copolymers of ethylene 
and vinyl alcohol having different ethylene unH con- 
tents ahd vinyl alcohol unit contents [Soarnol - 
(registered trade mark) manufactured and sold by 
Nippon Synthetic Chemical Co.. Ltd.. Japan. Eva! - 
(registered trade mark) manufactured and sold by 
Kuraray Co.. Ltd.. Japan, and a copolymer obtained 
by saponifying to a saponification degree of more 
than 99 % Soarlex DH (registered trade mark) 
manufactured and sold by Nippon Synthetic 
Chemical Co.. Ltd.. Japan), as indicated in Table 1. 
were used to prepare the copolymer solution, and 
that the copolymer solutions were maintained at a. 
temperature of 75 °C instead of 50 °C. With re- 
spect to the saponified Soarlex DH, however, 
dimethyl sulfoxide was used as the solvent in place 
of ethanol. Thus, there were obtained composite 
porous hollow fiber membranes as indicated in 
Table 1. The obtained composite porous hollow 
fiber membranes each had an average pore diam- 
eter of 0.25 am and had high water permeabilities 
as indicated in Table 1 . 
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Table 1 





Coat Layer/copolymer of 
ethylene and vinyl alcohol 




NO. 


Trade mark 


Ethylene 
unit 
content 
(% by 
mole) 


Vinyl 

alcohol 

unit 

content 

(% by 

weight) 


Water 

permeability 
U/hr*m 2 . mmHg] 


i 
i 


Soarnol Z 


29 


79 


4.5 


2 


Eval EP-F 


32 


77 


4.2 


3 


Soarnol E 


38 


72 


4.0 


4 


Eval EP-E 


44 


67 


3.2 


5 


Eval EP-G 


47 


64 


3.1 


6 


Soarlex DH 
( saponified) 


57 


54 


2.1 



35 



Comparative Example 

A copolymer of ethylene and vinyl acetate hav- 
ing a vinyl acetate content of 55 % by weight - 
[Soarlex BH (registered trade mark) manufactured 
and sold by Nippon Synthetic Chemical Co., Ltd.. 
Japan] and a copolymer of ethylene and vinyl 
acetate having a vinyl acetate content of 40 % by 
weight [Elvax 40 (registered trade mark) manufac- 
tured and sold by E.I. Du Pont de Nemours and 
Company, U.S.A.] were separately dissolved in a 
80 : 20 by volume mixture of benzene and metha- 
nol and saponified with KOH to obtain a copolymer 
of ethylene and vinyl alcohol having a vinyl alcohol 
unit content of 38 % by weight (outsid th scope 
of the present invention) and a copolymer of eth- 
ylene and vinyl alcohol having a vinyl alcohol unit 
content of 26 % by weight (outsid the scope of 



4Q 



50 



55 



12 



the present invention), respectively. The thus ob- 
tained copolymers were separately dissolved in a 
60 : 40 by volume mixture of benzene and metha- 
nol at an elevated temperature to obtain 0.5 % by 
weight copolymer solutions. 

Substantially the same procedures as de* 
scribed in Example 1 were repeated except that 
the above solutions were used as the copolymer 
solution. The results are shown in Table 2. As is 
apparent from Table 2. the resulting composite 
porous membranes exhibit good water permeabilit- 
ies only when the membranes were pretreated with 
ethanol. That is. although the membranes have 
spaces within the matrix pores and openings on 
both the surfaces of the matrix, through which 
spac s and op nings water is permeated, the water 
permeabilities of the membranes are poor without 
the pretreatment with ethanol. 
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Table 2 



Copolymer 


Water permeability ( Jt/hr* m 2 » mmHg) 


without pretreatment 
with ethanol 


after pretreetment 
with ethanol 


Saponified 
Soarlex BH 


0.3 


7.8 


Saponified 
Elvax 40 


0.0 


7.8 



Example 3 2 s 

Two sheets of flat polyethylene membrane ma- 
trixes having a porous structure were prepared 
according to the known method described in Exam- 
ple 1 of Japanese Patent Application Laid-open 30 
Sp cification No. 57117951/1982. A copolymer of 
ethylene and vinyl alcohol [Eval EP-G (registered 
trade mark) manufactured and sold by Kuraray Co., 
Ltd.. Japan] having an ethylene unit content of 47 
% by mole and a vinyl alcohol unit content of 64 % 35 
by weight was dissolved in two kinds of solvents as 



indicated in Table 3. namely, dimethyl sulfoxide - 
(DMSO) and a mixture consisting of 20 % by 
volume of water and 80 % by volume of DMSO. to 
form solutions each containing the copolymer at a 
concentration of 0.5 % by weight. The polyethylene 
flat membranes were respectively impregnated with 
the thus obtained solutions at room temperature - 
(25 °C). followed by drying. Thus, there were ob- 
tained two flat composite porous membranes hav- 
ing a thickness of 30 urn and an average pore 
diameter of 0.60 urn. The water permeabilities of 
the composite membranes were found to be ad- 
vantageously high a shown in Table 3. 
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Table 3 



No. 


Solvent for copolymer of 
ethylene and vinyl alcohol 


Water permeability 
of composite porous 
membrane 

( £/hr*m 2 * mmE<j) 


1 


Dimethyl sulfoxide 


4.8 


2 


80 % by volume aqueous 
dimethyl sulfoxide 
solution 


6.4 



Example 4 

Polyethylene hollow fiber membranous matrix- 
es were prepared in substantially the same manner 
as in Example 1. A copolymer of ethylene and 
vinyl alcohol [Soarnol 2 (registered trade mark) 
manufactured and sold by Nippon Synthetic 
Chemical Industry Co., Ltd.. Japan] having an eth- 
ylene unit content of 29 % by mole and a vinyl 
alcohol unit content of 79 % by weight was dis- 
solved in aqueous ethanol solutions having different 
ethanol concentrations as indicated in Table 4 so 
that various solutions containing the copolymer at a 
concentration of 0.5 % by weight were prepared. 
The hollow fiber matrixes were separately passed 



through the copolymer solutions rjiaintained at a 
25 temperature of 60 °C in a continuous manner so 
that the time during which the hollow fiber matrixes 
were retained in the solutions was 5 minutes. Thus, 
the hollow fiber matrixes were impregnated with the 
copolymer solutions so that the copolymer solu- 
30 tions covered substantially the overall surface of 
the hollow fiber matrixes. While causing the hollow 
fiber matrixes to continuously travel, hot air having 
a temperature of 55 °C was blown onto the hollow 
fiber matrixes to evaporate the solvent completely. 
35 Thus there were obtained composite hollow fiber 
porous membranes in the dry state. The composite 
porous membranes each had a high water per- 
meability as shown in Table 4. 
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No. 


Solvent for copolymer of 
ethylene and vinyl alcohol 


Water perme- 
ability of com- 
posite porous 
membrane 

( £/hr*m 2 » mmHg) 


1 


50 % by volume aqueous 
ethanol solution 


6.2 


2 


60 % by volume aqueous 
ethanol solution 


7.9 


3 


75 % by volume aqueous 
ethanol solution 


7.5 


4 


80 % by volume aqueous 
ethanol solution 


7.1 


5 


90 % by volume aqueous 
ethanol solution 


6-1 



Example 5 

A high-density polyethylene [HI-2EX 2208J - 
(registered trade mark) manufactured and sold by 
Mitsui Petrochemical Co., Japan] having a density 
of 0.968 g/cm J and a melt index, as measured in 
accordance with ASTM D1238 of 5.5 was extruded 
through an annular hollow fiber spinning nozzle 
having an annular orifice outside diameter of 33 



mm and an annular orifice inside diameter of 27 
mm (slit width: 3 mm) at a spinning temperature of 
150 °C and a spinning rate of 400 m/min. The thus 
obtained preliminary hollow fiber was subjected to 
annealing at 120 °C for 2 hours. The annealed 
hollow fiber was then subjected to the following 
treatments in which the hollow fiber was kept trav- 
elling to obtain a hydrophilic composite porous 
membrane in the form of a hollow fiber: 
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(1) Cold stretching: temperature of 25 "C, stretching 

ratio of 33 % r pre-stretching 
feed speed of 1.5 m/min 

(2) Hot stretching: 1st step 

temperature of 100 °C in air, 
stretching ratio of 300 
2nd step 

temperature of 115 *C in air, 
stretching ratio of 1 47 % 
(extended stretching ratio of 
440 %) 

(3) Heat set: temperature of 123 °C, period of 

1 0 sec 

(4) Application temperature of 50 *C, -solution 
of a copolymer 

solution: feed speed per nozzle of 

0.5 ml/min 



[The hollow fiber matrix kept travelling in the 
transverse direction was coated with a solution 
made by dissolving Soarnol 2 (vinyl alcohol unit 
content of 79 % by weight) in a 50 % by volume 



aqueous npropanol solution in a concentration of 
10 g/l which solution was fed from a nozzle dis- 
posed just above the matrix and a nozzle disposed 
just under the matrix.] 
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(5) Drying: 

(6) Application 

of a copolymer 
solution: 

(7) Drying: 

(8) Final drying: 



run in air at 25 °C, no air 
blow, period of 10 sec 
temperature of 80 °C, hot air 
oven, period of 15 sec 
Same as in (4) above 

Same as in (5) above 
temperature of 100 °C, hot air 
oven, period of 15 sec. 



The resulting hydrophilic composite porous 
membrane in the form of a hollow fiber had an 
inner diameter of 340 urn and a thickness of 50 
urn, and exhibited a water permeability of 9.0 
t/hr.m'.mmHg and a permeability for 0.2 am par- 
ticle copolymer latex of 24 %. 

Example 6 

A high-density polyethylene [Hl-ZEX 2208J - 
(registered trade mark) manufactured and sold by 
Mitsui Petrochemical Co.. Japan] having a density 
of 0.968 g/cm J and a melt index, as measured in 
accordance with ASTM D1238. of 5.5 was extruded 
through an annular hollow fiber spinning nozzle 
having an annular orifice outside diameter of 33 
mm and an annular orifice inside diameter of 27 
mm (slit width: 3 mm) at a spinning temperature of 
150 °C and a spinning rate of 400 m/min. The thus 
obtained preliminary hollow fiber was subjected to 
annealing at 120 °C for 2 hours. The annealed 
hollow fiber was then cold stretched at a stretching 
ratio of 30 % at room temperature (25 °C). and hot 
stretched in two steps first at a stretching ratio of 
200 % at 98 °C. followed by stretching at 110 °C - 
(extended stretching ratio in hot-stretching: 330 %). 
Thus, there was obtained a polyethylene hollow 
fiber matrix having a porous structure. The ob- 
tained hollow fiber matrix had an inner diameter of 
340 urn and a thickness of 50 urn. 840 pieces of 
the hollow fiber matrix were bundled to form a 
hollow fiber matrix bundle having a length of 30 
cm;s. A copolymer of ethylene and v nyl alcohol - 
[Soarnol Z (registered trade mark) manufactured 
and sold by Nippon Synthetic Chemical Industry 
Co.. Ltd.. Japan) having an ethylen unit content of 
29 % by mole and a vinyl alcohol unit content of 
79 % by weight was dissolved in a 60 % by 



volume aqueous ethanol solution at an elevated 
20 temperature to prepare a solution containing the 
copolymer at a concentration of 0.5 % by weight. 
While maintaining the copolymer solution at a tem- 
perature of 50 °C. the hollow fiber matrix bundle 
was dipped in the copolymer solution for 5 min- 
25 utes. After the removal of an excess of the 
copolymer solution, i.e. portion of the solution 
which was retained between hollow fiber pieces, by 
giving vibration to the matrix bundle, the resulting 
bundle was dried with hot air having a temperature 
30 of 55 °C for 2 hours. The treatment with the 
copolymer solution and the drying step were re- 
peated to obtain a bundle of composite hollow fiber 
membranes having a porous structure. 

The composite porous membranes of the bun- 
as die each had an inner diameter of 340 um and a 
thickness of 50 um. The water permeability of the 
membranes was 9.5 l/hr.m J mmHg and the per- 
meability for a polymer latex having an average 
particle diameter of 0.2 am was 29 %. 
*o The composite porous membrane bundle was 

accommodated in a polycarbonate cylindrical ves- 
sel having an inside diameter of 18 mm and a 
length of 220 mm. Both ends of the bundle were 
fixed to the vessel with a urethane adhesive. After 
*5 cutting off the outermost portions of both ends of 
the bundle, nozzles were attached to both ends of 
the bundle to obtain a composite porous mem- 
brane module. The bundle of the thus obtained 
module had an effective length of 20.0 cm:s and an 
so effectiv membran area of 0.18 m*. The space in 
the module was filled with sterile water, and the 
module was subjected to high-pressure steam ster- 
ilization at 121 °C for 30 minutes. Then, the perfor- 
mance as a plasma separator of th module was 
55 examined as follows. First, the sterile wat r filled in 
the module was replaced by physiological saline. 
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collected. The time required for collecting 400 ml 
of plasma and the permeability for plasma compo- 
nent proteins are shown m Table 5. As is apparent 
from the table, the module exhibited an excellent 
performance as a plasma separator. 



Table 5 



Time required 
for collecting 
400 ml of 
plasma (min..) 


Permeability for plasma component 
proteins S) (%) 


Total 
protein 


Alb 1 > 


IgG 2) 


IgM 3) 


Fib 4 > 


22 


98 


98 


99 


100 


98 



Note: 1) albumin 

2) immunoglobulin G 

3) immunoglobulin M 



mm and an annular orifice inside diameter of 27 

40 mm (slit width: 153 mm) at a spinning temperature 
of 150 °C and a spinning rate of 400 m/min. The 
thus obtained hollow fibers were subjected to an- 
nealing at 115 °C for 2 hours. The annealed hollow 
fibers were then cold stretched at a stretching ratio 

45 of 30 % at room temperature (25 °C) and hot 
stretched at a stretching ratio of 400 % at 105 °C. 
Thus, there were obtained hollow fiber matrixes 
having a porous structure. The obtained hollow 
fiber matrixes had an inner diameter of 330 um 

50 and a thickness of 50 um. Various kinds of block 
copolym rs comprising hydrophilic monomeric 
units and hydrophobic monomeric units shown as 
in Table 6 were separately applied to the hollow 
fiber membrane matrixes to produce composite 

55 hollow fiber membranes having a porous structure. 
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Then, bovine blood having a hematocrit value of 35 
% to which an ACD solution (citric acid -sodium 
citrate -dextrose solution) was added as an anti- 
coagulant was passed through the module at a rate 
of 60 ml mm while maintaining the membrane dif- 
ferential pressure at 40 mmHg. Thus, plasma was 



4) fibrinogen 

Ci 

5) x 100 

Co 

wherein Co represents the concentration of 
each plasma component protein of the original 
blood as measured according to customary proce- 
dures, and 

Ci represents the concentration of each plasma 
component protein of the 400 ml plasma separated 
from the original blood by means of the composite 
porous membrane. 

Example 7 

A high-density polyethylene [HI-ZEX 2208J - 
(regist red trade mark) manufactured and sold by 
Mitsui Petrochemical Co.. Japan] having a density 
of 0.968 g/cm 1 and a melt index, as measured in 
accordance with ASTM D1 238. of 5.5 was extruded 
through an annular hollow fiber spinning nozzle 
having an annular orifice outside diameter of 33 
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ethylen oxide to obtain a plasma separator. The 
plasma separating ability of the plasma separator 
was tested in substantially the same manner as in 
Example 5. The results, together with the hydro- 
philic blocks and hydrophobic blocks constituting 
the -copolymer of the coat layers, the hydrophilic 
block content and the solvent employed for prepar- 
ing the composite hollow fiber membranes, are 
shown m Table 6. 
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A bundle of each of the obtained composite 
hollow fiber membranes was accommodated m a 
polycarbonate cylindrical vessel having an inside 
diameter of 24 mm Botn enas of each bundle were 
fixed to the vessel wttn a uremane adhesive to s 
produce a composite hollow fiber membrane mod- 
ule in substantially the same manner as m Examole 
5. The bundle within tne module nad an effective 
length of 13 cm:s and an effective membrane area 
of 0.23 m ; . The module was sterilized with gaseous 10 
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Plasma 
separating 
ability 
(ml/min) 


CN 

rH 


in 

rH 


rH 
rH 


CN 

rH 


Solvent used 


Hexaf luoro- 
ieopropanol 


ditto 


Dioxane 


Trif luoro- 
ethanol 


Hydrophilic 

block 

content 

(% by weight) 


o 


in 

CO 


o 

\o 


o 


Hydrophilic block 


polyethylene 
glycol (Carbwax 
4000) 


ditto 


Polyethylene 
glycol (Carbwax 
6000) 


Polyethylene 
glycol (Carbwax 
2000) 


Hydrophobic 
block 

.... 


Polyethylene 
terephthalate 


ditto 


Bisphenol A 
polycarbonate 


Wylon 11 


No 






m 
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4. A membrane according to any one of claims 1 to 

3, wherein said hydrophilic monomeric units are 
vinyl alcohol units. 

5 5. A membrane according to any one of claims 1 to 

4. wherein said polyolefin is polyethylene or poly- 
propylene. 

6. A membrane according to any one of claims 1 to 
w 5, wherein said matrix is oriented in the stretching 
direction of the matrix, and said pores within the 
matrix are elliptic in the cross section taken in the 
stretching direction of the matrix and are defined 
by microfibrils that are oriented in the stretching 
is direction of the matrix and knotted portions that are 
cross-connected to said microfibrils and are each 
m the form of stacked lamellae, said pores within 
the matrix including intermediate pores which are 
present within the matrix in communicating relation- 
20 ship and end pores which open at both the sur- 
faces of the matrix, said intermediate pores and 
said end pores forming the throughpaths running 
between both the surfaces of the matrix. 

25 7. A membrane according to any one of claims 1 to 

6. wherein said spaces have an average pore diam- 
eter of from 0.02 to 4.0 urn. 

8. A membrane according to any one of claims 1 to 
30 7, wherein said matrix is in the form of a hollow 

fiber. 

9. A membrane according to any one of claims 1 to 

7. wherein said matrix is in the form of a flat 
35 membrane. 

10. A method of producing a hydrophilic composite 
porous membrane comprising the steps of: 



Note 

The block copolymer of polyethylene tereph- 
thalate and polyethylene glycol was prepared ac- 
cording to the melt condensation method as de- 
scribed m D. Coleman. J. Poiym. So u 19 . 
(1954). 

The block copolymer of bisphenoi A poiycar- 
bonate and polyethylene glycol was preoared ac- 
cording to the solution phosgenation method as 
described in E.P Gddberg. j. Polym. Sci.. Pan C 
4, 707 (1964). 

The block copolymer of nylon 1 1 and polyeth- 
ylene glycol was prepared by heating a mixture of 
50 g of 11-aminoundecanic acid, 150 g of polyeth- 
ylene g'ycol having amino groups at both ends 
thereof whose molecular weight was 2000 and ad- 
ipic acid which was added in a molar amount equal 
to the number of moles of the polyethylene glycol. 
The heating was effected under nitrogen at 260 °C 
for 4 hours. 

Claims 



1. A hydrophilic composite porous membrane com- 
prising: 

a polyolefin membranous matrix having pores 
which are present within the matrix in communicat- 
ing relationship and form throughpaths running 
from one surface of the matrix to the other surface 
of the matrix, and 

at least one copolymer coat layer formed substan- 
tially on the overall surface of the matrix including 
both the surfaces of the matrix and the inner wall 
surfaces of said pores, leaving spaces within said 
pores and leaving openings on both the surfaces of ao 
said matrix, said openings respectively commu- 
nicating with said spaces. 

said copolymer being water-insoluble and com- 
prised of hydrophilic monomeric units and hydro- 45 
phobic monomeric units, and having a hydrophilic 
monomeric unit content of from 40 to 90 % by 
weight based on the copolymer. 

2. A membrane according to claim 1, wh rein the so 
or ach coat layer covers at least 70 % of the area 

of said overall surface. 

3. A membrane according to claim 1 or 2. wherein 

said hydrophobic monomeric units are ethylen 55 
units. 



(1) applying, to a polyolefin membranous matrix 
having pores which are present within the matrix 
in communicating relationship and form through- 
paths running from one surface of the matrix to 
the other surface of the matrix, a solution of a 
water-insoluble copolymer comprised of hydro- 
philic monomeric units and hydrophobic mon- 
omeric units and having a hydrophilic mon- 
omeric unit content of from 40 to 90 % by 
weight based on the copolymer in an organic 
solvent or a mixture of an organic solvent and 
water thereby to obtain a preliminary product in 
which said solution is attached to substantially 
the overall surface of said matrix, said overall 
surface including both the surfaces of the matrix 
and the inner wall surfaces of said pores; and 
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(2) drying said preliminary product to remove 
said organic solvent or mixture of an organic 
solvent and water so that said coDOiymer forms 
a coat layer covering substantially the overall 
suriace of said matrix leaving spaces witnm said 
pores and leaving openings on oc;n tne surfaces 
of said matrix, said ooen:ngs resoectweiy z?rr- 
municatmg wtth said soaces 

11. A method according to claim *0. whe^em 
said solution has a copolymer concentration of 
from about 0.1 to about 5 °o by weignt ana said 
application of the solution is conducted at a 
temperature of from about 25 °C to less man 
100 °C. 

12. A plasma separator comprising: 

a vessel provided with a blood introduction 
means, a blood withdrawal means and a otasma 
withdrawal means: and 



said blood introduction mean and said blood 
withdrawal means communicating with each oth- 
er through said plurality of porous hollow fibers 



a plurality of porous hollow fibers which are 
contained within the vessel, leaving spaces be- 
tween the inner surface of said vessel and said 25 
plurality of porous hollow fibers and between and 
inside said plurality of porous hoflow fibers. 
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fluidtightly connected therebetween: 

said hollow fiber being adapted to pass blood 
therethrough while causing the plasma compo- 
nent of tne blood to be selectively passed 
tnrougn the walls of the hollow fibers and with- 
drawn tnrougn the plasma withdrawal means. 

eacr noiiow *«oer comonsmg. 

a poiyoiefm membranous matrix having pores 
which are present within the matrix in commu- 
nicating relationship and form throughpaths run- 
ning from one suriace of the matrix to the other 
surface of the matrix, and 

at least one copolymer coat layer formed sub- 
stantially on the overall surface of the matrix 
deluding both the surfaces of the matrix and the 
•nner wall surfaces of said pores, leaving spaces 
witmn sa»d pores and leaving openings on both 
the surfaces of said matraix. said openings re- 
spectively communicating with said spaces with- 
in said pores. 

said copolymer being water-insoluble and com- 
prised of hydrophilic monomeric units and hy- 
drophobic monomenc units, and having a hydro- 
philic monomeric unit content of from 40 to 90 % 
by weight based on the copolymer. 
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